ditions of proportional straining, in which the ratio of the strain fand 

^lyl^^^i 'T' eliminated from fixations (^ Zi 

(2.17). These equations and Equation (2.14), or similar equations for 

U.7), (2.8), and (2.9) by replacmg tri with a, with § and e with / 
For nonproportional straining, the stress. st;ain. strain-r^te rektion-* 

t?o,L\?6) (r7W2"«? for^s of Equ^- 

tioM (2.6), (2.7) (2.8), and (2.9) in conjunction with Equations (2 14) 
(2.16), and (2.17) and integrating over the strain path employed ' 



Workability Tests 

UNIAXIAL COMPRESSION TEST 

tests is ?hr unfiS«T°'* ^""^ °f ^" workability 

tests IS the uniaxial compression or upset test. It is used to obtain 
flow stress data and workability estimatesforajL^ 

between flat, parallel dies. When the test is used to determine the 




de2=0 

Plane strain flow stress, 
Oi(de2 = 0) 



In uniaxial tension R= ^h. , _ 

R=l^. where Q = -^ = l/Cda^/da,) 



con- 
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deformation resistance, or flow stress, as a function of strain, strain 
rate, and temperature, dies heated to the same temperature as the 
specimen and appropriate lubricants are used to ensure that the de- 
formed shape of the specimen remains as close to cylindrical as pos- 
s ble, i.e without chil|ing_pr„appreciable-bulging. Die materials in- 
elude hot work die steels and tungsten carbide (for T < 500 °C or 932 
ffor^? > '^nn or^^^ ""^P^^^il?"; '^^^ molybdenum, and silicon'nitride 
IZZhU ^ A- "^^^^y ^^^^""S methods are 

available, including furnace heating and induction heating. Further- 
more, a variety of lubricants may be employed. At ambient and sUghtly 
mgher temperatures, common lubricants include PTFE (Teflon®) fihn 

m2^F)'Z\'^a^rnno^^^^ temperatures between 100 

(212 F) and 550 C (1022 °F), graphite, applied by spraying a water- 

^Sl/^W^'^'if frequently used. A varilty of 

glasses that melt and retain a certain degree of viscosity at high tem- 
peratures are the usual lubricant choices above 550 °C (1022 °F) 

Details regarding test procedures and data analysis of' the 
com^ession test, when used for flow stress determination, are con! 
tamed in another volume of the monograph series. Briefly, however 
the important relationships used to reduce measured load-stroke data 
It tlie deformation is iin{f/iY<m <uii .• ^ ' 



(2.18) 

(2.19) 
(2.20) 



It the deformation is uniform, are the following:* 

Axial true strain, e^: g = -ei = -In (h/hj 
h = instantaneous height of the specimen 
ho = original height of the specimen 

Axial true strain rate, ei: 1 = -8i = -(v/h) 
V = crosshead speed 

Axial true stress, ai: a = -o-i 

= -(P/A) = -(Ph/Aoh„) 
P = instantaneous load • 
A = instantaneous cross-sectional area 
Ao = original cross-sectional area 

for 11.P ^^l^^o^P^-ession test is used to obtain workability data 

for use m bulk forming process design. For example, insight into the 

««« o- T**^ ^^^^ compressive strains, strain rates, and stresses are ne^ 
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modes of f low localization and free-surface-fraGture- is often obtained 
by running compression tests on specimens of various h^/do ratios (d^ 
= original specimen diameter) under different conditions of lubrica- 
tion. The free surfaces of the specimens are gridded by photographic 
or electrochemical means, and grid measurements following defor- 
mation are used to obtain failure loci (Figure 2.4)/^" 

The upset test is also commonly used to establish the modes 
of strain localization during nonisothermal metalworking operations 
(tooling and workpiece at different initial temperatures). In these cases, 
specimens heated to a particular temperature are compressed various 
amounts between flat dies that are heated to somewhat lower tem- 
peratures. The localization phenomena produced in this way are stud- 
ied through a variety of means. These include (1) metallographic tech- 
niques in which cWlLzon^s andJrfie=siHfa^_^^ be measured 
directly and (2) analysis of the load-stroke curves through comparison 
with load-stroke curves from isothermal compression tests. The ap- 
plication of powerful finite-element techniques, which use material 
property data and processing conditions as inputs, is also proving useful 
in establishing the sequence of localization events during nonisother- 
mal compression and other nonisothermal metalworking operations. 



(7) Good Lubrication, Large h/d 
® Poor Lubrication. Snnoll h/d 
(D Frictionless Compression. Lorge 




COMPRESSIVE STRAIN 

Figure 2.4. Typical failure locus of metals that develop surface cracks during 
bulk forming, an example of which is shown in the photograph. Locus Is in 
terms of the free-surface compressive and tensile principal strains at failure."' 



Fundamental Definitions and Wori<abill1y Tests Used in Flow Localizatkjn Studies 






A Technical Guide 



Written or compiled by - 
Consulting Editor 

Matthew J. Donachie, Jr. 

The Hhrtford Graduate Center 



ASM INTERNATIONAL 

Metais Park. QH 44073 



II I ' I r 



i'-'TrTiiff|iifiniiri]ii 



Machinint: 

TRADITIONAL MACHINING OF TITANIUM 
General 



S S o*-^a.,~4^^^^ alloys . basically Is ve^ similar to 

the machmmg parameters of a cutting t^Ho '^'""^ access to data relating 

•n>c important par^eters include: ^ "^'^"^ *e given operation" 

• Too] life 

• Forces 

• Power requirements 

• Cutting tools and fluids 

Subsequent paragraphs discuss these n,™™ . 

>cuss inese parameters m general terms. 

Tool Life 

Titanium alJovs are ven- • ' cases. 

:^|n'..the chips have a ^ndency fo gal?^?'LT,K '^^ conduc- 

Th« speeds up tool wear and failure Wh!^ w .^ themselves to the tool cutting edees 
production output may be rr^Jh • " ^^'"^ ^''th high-fixed-cost m^chiL . i 
wise to work a toora, ire J?^^ important than a cutting t^rsl^S ^ " 
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■■■■ ^v.^^^r''^jsi 



principles:: OF ^ - 



item of expense; .The lieiesatv orw,! - ^^^^^^^^^^ 

, , ,Sl)y as regards, the relative ease of machfnfnTS^,^ ^P*^" 
.V. alloys, and also of the waw "i^vUeK^^°V Sf- ^"""^ ""-l 
. Wvhen cutting a certain ^ S^'^.^^L^t^T- 
,:^JuMtontial taterest to engineeri and n^a^fSS -M^s'L: rj?' "1 
to achieve shapes, smoothne«?«? nf fin.cK ^ ^^r^^tals are machined 

are not provided Ky^cS^ fSSf^ ^^^^^^^^ dimensions which' 

"Metal » » 

ivietal cutting, or "machinabilitv " is a hrnarl 

relative ease of machining or the satisfaction t^h t I 

by sharp tools in various ODeratinnf f ^"tt which a material is cut 

«a,T^r:f r 3 ^ » ttest 

the tool) with a~cto^ finish""'"""' Ovithout resharpening 

suggested as a direct functfon of et«e str^S- i 

ease with which a good finish m.v h. „L j . ' ( ' or the 

tion of ductility) - ^dfSwLt (probably an inveree func- 

abrade the toofl^a^^egSl: " f "^""^^ '''' """'"'^ 

^^^^yiZr^ZTrStjL^T'J -r-*"^ "-inability is 
can be cut/^rnlitttoral^Lt t '"'^"'Wch 'he metal 

measuring machinabiaty indSf of ^ting or . 

1. Measurement bf power consumed. ■ ' -I-..-" .. ■ ' 

■ 3;D:::^rti:^:?r;rS.^^^^^^^ ■■ 

ohaptr-'.'"^"'^'- """"^'^^^ listings , under References at the end of ' this : 



MACHINABILITY AND MACHINING OP METALS 

In general, machinability, or metal cutting, includes the concept of tool life 
surface finish, and speed of cutting. Most jobs demand long tool life and 
high-speed cutting for economy, but at the same time, many operations 
require smooth surface finish. Accurate manufacture, the processing bf 
closely fitted mating parts or the production of duplicate parts to small 
dimensional limits, is inseparably bound with surface quality. 

The full understanding of the definition of "machinability," is still 
lacking.. Arguments have been advanced for the idea that machinabiKty 
should apply to the material being cut and exclude factors having to do 
with' the tool, lubricant, and nature of the cutting operation. This would" 
require a standardized tool and one of diamond or carbide practically im- 
pervious to wear, at least resistant enough that its shape and sharpness of 
cutting edge would not change during the test. " 

Such a course would render obsolete the often used test for machinability 
which refers to the life of the tool to breakdown or to the criterion that 
attempts to relate machinability to the power consumption of the machine 
tool. . , 

Many references to the friction between chip and tool (rather than to the 
temperature reached at the tool tip) indicated that this criterion was 
thought to be a vahd measure of the machinability of metal. But it must 
be remembered that on the one hand uniform supply, of cutting fluid to the 
working point of the tool would be hard to ensure because it is doubtful 
that a gap always exists there, while on the other hand dry cutting would- 
be so different in nature from most machine-shop operations that dry tests 
had doubtful value. ' - - ' . ' . 

. Actually, a single index of machinability related to the material' is elusive, • 
because of variability in the reaction of a single metal in different machining 
operations, For example, a completely spheroidized steel was best, for 
machining and finishing bearing balls, but this same steel sawed and drill^ 
better if the microstructure retained a little pearlite. LikeAvise,' a tough 
continuous ferrite which was desirable for turning ©iperations would tend to ' 
fill and seize the flute of a drill or Iddge between saw teeth. Again, , two 
different types of steel heat-treated to very similar physical properties and ": 
gaicrostructure' could produce about the same tool wear when ciit under'. : 
identical conditions but have fa very different quality of surface fini^. ■ ' 
, The limiting condition of machining is, generally^ tool failure; hence the . . 
question of the machinability of metals is unavoidably tied, up mth qiies-'" 
tions of tool .design, form, material, cooling, and so on. Also tlie relative 
eflaciency of differeht types of cutting to'ols and tool steels varies with the 
.character of material being cut and the cutting conditions, so that gen- 
erahzations as to machinabiUty are difficult perhaps to the point of im-~^- 
practicability.- ' . , -. 
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